Background: Postoperative cognitive dysfunction (POCD) is a well-recognised complication of cardiac surgery, but evidence of POCD after general surgery has been lacking. We recently showed that POCD was present in 9.9% of elderly patients 3 months after major non-cardiac surgery. The aim of the present study was to investigate whether POCD persists for 1-2 years after operation. Methods: A total of 336 elderly patients (median age 69 years, range 60-86) was studied after major surgery under general anesthesia. Psychometric testing was performed before surgery and at a median of 7, 98 and 532 days postoperatively using a neuropsychological test battery with 7 subtests. A control group of 47 non-hospitalised volunteers of similar age were tested with the test battery at the same intervals. Results: 1-2 years after surgery, 35 out of 336 patients (10.4%, CI: 7.2-13.7%) had cognitive dysfunction. Three patients had POCD at all three postoperative test sessions (0.9%). From our definition of POCD, there is only a 1:64 000 likelihood that a
C EREBRAL complications are encountered commonly in elderly patients after surgery. Postoperative cognitive dysfunction (POCD) is a condition characterised by impairment of memory and concentration, detected by neuropsychological testing. Until recently, the existence of prolonged POCD in patients undergoing non-cardiac surgery was disputed (1) (2) (3) (4) (5) (6) (7) (8) . The ISPOCD study (International Study of Post-Operative Cognitive Dysfunction) of 1218 elderly patients scheduled for major general surgery (9) showed that POCD was present one week after surgery in 25.8% of the patients and in 9.9% after 3 months. POCD was defined by reference to preoperative test results after correction for learning effects from a control group tested at the same intervals. Complications in the perioperative period predicted early cognitive dysfunction, but the only identified risk factor at the 3 month follow-up was increasing age. The duration and cause of POCD remains to be elucidated. single subject would have POCD at all three test points by chance. Logistic regression analysis identified age, early POCD, and infection within the first three postoperative months as significant risk factors for long-term cognitive dysfunction. Five of 47 normal controls fulfilled the criteria for cognitive dysfunction 1-2 years after initial testing (10.6%, CI: 1.8-19.4%), i.e. a similar incidence of age-related cognitive impairment as among patients. Conclusion: POCD is a reversible condition in the majority of cases but may persist in approximately 1% of patients.
Methods
The patients studied were a subset of Danish and English patients in the ISPOCD study (9) . Eligible patients for this study were aged 60 and over presenting for major abdominal, non-cardiac thoracic, or orthopaedic surgery with general anaesthesia and an expected hospital stay of at least 4 days. A full medical record, drug history, and baseline psychological variables for each patient were recorded, as were all drugs given and all complications in the perioperative period until 3 months postoperatively. Arterial blood pressure was measured and oxygen saturation was monitored with continuous pulse oximetry before surgery and postoperatively until the 3rd postopera-tive night because hypoxaemia and hypotension were thought to be preventable causes of POCD.
A neuropsychological test battery was administered 3 times: the day before surgery, postoperatively at discharge or day 7 at the latest, and again 3 months later. The test battery comprised the tests listed in Table 1 . The test battery was available in the different languages of the European centres participating in the ISPOCD study and in three different versions to minimise learning effects. The different versions were administered in a random order. Details are given in Moller et al. (9) .
Follow-up
After approval from the relevant Research Ethics Committees we contacted all patients enrolled at 4 of the 13 centres participating in the ISPOCD study 1-2 years after surgery, excluding those patients who had withdrawn. The patients were contacted by telephone or in writing, and were invited to come to the Hospital or receive a home visit to have a 3rd postoperative neuropsychological evaluation using the test version administered at the preoperative evaluation. All complications since the 2nd postoperative test and medication were recorded in the same manner as during the ISPOCD study.
Control group
In the ISPOCD study, the psychometric test battery was administered to a control group of 176 volunteers in Manchester of similar age to the patients. The controls underwent psychometric testing at the same intervals as the patients, and none was admitted to hospital. To ensure that test results would not differ between the different European nationalities taking part in the ISPOCD study, 145 national controls were also recruited (approximately 20 controls for each centre). Test results from this group did not differ significantly Table 1 The psychometric test battery.
Visual Verbal Learning Test (10) cumulative number of words recalled in three trials and the number of words recalled at delayed trial. Concept Shifting Test (11) the time and number of errors in part C. Stroop Color Word Interference Test the time and number of (12) errors in part three. Letter-Digit Coding Task (13) the number of correct answers.
from those of the Manchester controls (9) . As controls for the late follow-up study 1-2 years after surgery, we used Danish and English national controls, excluding those who had undergone operation in the followup period, leaving us with 47 controls who underwent the same neuropsychological evaluation as the patients.
Statistical analysis
Values are reported as median values with range, proportions with 95% confidence intervals. A P-value Ͻ0.05 was considered statistically significant.
Normative material: The test results for the 47 national controls were analysed to assess whether cognitive performance had changed in this group of elderly volunteers between the 3 month test and after 1-2 years. The test results did not differ significantly. Accordingly, we used changes in test results between the first test session (baseline) and the 3 month test among the 176 Manchester controls to calculate a mean and standard deviation (SD) of differences in test performance. These values were used to normalise the follow-up test results of the patients and also the national controls. The mean changes were taken as estimated learning effects.
The same definition of postoperative cognitive dysfunction was used as in the ISPOCD study based on 7 parameters from the results of 4 tests ( Table 1) : For patients, baseline scores were subtracted from followup test results, and the learning effect calculated from the 3 month test results for the Manchester controls was subtracted from these changes. The results were divided by the SD in test results from the Manchester control group to obtain a Z-score for each test. A large positive Z-score indicates a deterioration in cognitive function from baseline in patients compared to controls. A composite Z-score was defined from the total of the Z-scores for the Manchester controls, the SD being used to normalise the patient's composite Zscore at the test session 1-2 years after surgery. Patients were defined as having cognitive dysfunction when two Z-scores in individual tests or the combined Z-score were 1.96 or more, that is their scores were Ͼ2 SD from the mean.
Secondary data analysis with multiple logistic regression was performed to investigate possible risk factors: age, cancer, duration of anaesthesia, respiratory complications, infectious complications, second operation, educational level and discontinuation of the preoperative use of benzodiazepines. In addition, logistic regression analysis included cognitive dysfunction at the 1st and 2nd postoperative test sessions. 
Results
Follow-up after 1-2 years was performed in 3 Danish centres and 1 English centre from the 13 participating centres in the ISPOCD study.
Withdrawals
Between November 1, 1996 and June 30, 1997, i.e. 1-2 years after the original inclusion period November 1, 1994 and May 31, 1996, we contacted the 413 patients who had completed the ISPOCD study, of whom 77 (19%) declined to undergo a follow-up investigation.
The main reasons given were illness of the patient or a close relative. Only with regard to cancer was there a significant difference between withdrawals and patients agreeing to a follow-up neuropsychological evaluation 1-2 years after surgery. The patients with cancer were more likely to withdraw.
Controls and patients
The 47 controls were aged 60-83 with a median of 71 years, 30 were female and 20 had an education level below high school. The three patients were all aged over 70, one had had a new operation, another had had pneumonia postoperatively, but the third patient had not had any complications in the postoperative period. Four of the 35 patients with cognitive dysfunction 1-2 years after surgery had missed one of the two earlier postoperative test sessions, and one patient had not previously undergone any postoperative neuropsychological testing. This patient had suffered a perioperative stroke resulting in hemiparesis and had been unable to undergo testing until 1-2 years after surgery. The contribution of different risk factors included in the logistic regression analysis is shown in Table  2 . This comprises all events registered up to the 3rd postoperative test session. Logistic regression analysis (Table 3) revealed that age and infectious complications in the postoperative period (until 3 months postoperatively) were significant risk factors of cognitive dysfunction 1-2 years after surgery. In addition, the patients with early POCD were at significantly greater risk for long-term cognitive dysfunction. There was less accordance between the results at the 3 month test and at 1-2 years follow-up.
Discussion
We found cognitive dysfunction in 35 out of 336 patients 1-2 years after surgery, corresponding to an incidence of 10.4%. Only 3 out of 318 patients that completed all postoperative test sessions had POCD at all three test points (0.9%). Logistic regression analysis revealed age, early POCD, and infection within the first three postoperative months as predictors of longterm cognitive dysfunction. This is the first study where long-term POCD has been demonstrated 1-2 years after general surgery in the elderly. Most studies (1-7) have not been able to demonstrate cognitive deficits more than a couple of days after general surgery. In a study of general versus regional anaesthesia for total knee replacement, 5% of the patients in both study groups had POCD 6 months after surgery (8) . However, the definition of long-term POCD in this study can be questioned and no control group was included. Most previous reports on long-term POCD have included only cardiac surgery patients (14) (15) (16) and POCD has been reported in up to 57% of these patients 6 months after cardiac surgery (16) . In this setting, cardiopulmonary bypass has been suggested as a major cause of cognitive dysfunction. It is likely that cardiopulmonary bypass adds significantly to the risk of cerebral complications, but other contributing factors may have been disregarded.
The patients in the present study completing a 3rd postoperative neuropsychological test did not differ from withdrawals in respect of sex, age, and prevalence of POCD 7 days or 3 months after surgery; thus, the patients in the follow-up study 1-2 years after surgery are comparable to the whole study group in the ISPOCD main study. Patients with cancer and possibly those patients with a lower functional level due to ill health (inferred from the reasons given for withdrawal) were more likely not to participate. This may underestimate the incidence of cognitive dysfunction as patients who have fully recovered from their operation would be more likely to consent to follow-up. Cognitive dysfunction was found in 10.4% of the studied patients 1-2 years after surgery. However, cognitive decline to a certain degree is expected as the patients are ageing. In a group of 47 controls of similar age, tested at the same intervals but not admitted to hospital, 5 controls (10.6%) fulfilled the criteria for cognitive dysfunction 1-2 years after enrolment, i.e. the same incidence as the operated patients. The wide confidence interval (1.7-19.4%) for this incidence indicates that the control group preferably should have comprised more than 47 volunteers.
Two crucial elements in the detection of POCD are a sensitive test battery and taking learning effects into account, hence the importance of including a control group of healthy volunteers. Elderly hospitalised patients not undergoing surgery or any other inter-vention might be considered a better control group, but such a population does not exist in modern health care.
We found a significant correlation between early POCD (7 days postop.) and long-term cognitive dysfunction (1-2 years later) (Table 3) . However, there was no significant relation between test results after 3 months and 1-2 years postoperatively in our study. Savageau et al. (14) described the same discrepancy in a study with 245 patients undergoing cardiac surgery between the test sessions 9 days and 6 months postoperatively. POCD after 6 months was found in 59 of the patients, but only 13 of these had POCD at both test sessions. The remaining 46 patients with POCD at the 6 month test had declined after the 9 day test. Hence, they attributed the POCD found 6 months after surgery to factors other than the surgical procedure.
The results from the present study can be interpreted in several ways. The patients with cognitive dysfunction 1-2 years after surgery could be considered as never recovering from their operation. Early POCD was a significant risk factor for long-term cognitive dysfunction, and the discrepancy in test results between the 3 month and 1-2 year test sessions may suggest that some patients may be able to compensate for a period of time and then relapse into the group fulfilling the criteria for cognitive dysfunction. In this study the proportion of patients with POCD at all three postoperative test sessions was 0.9%; the likelihood of this occurring by chance is remote and strongly suggests that POCD is permanent in a few subjects.
On the other hand, some variability is associated with neuropsychological testing and this may explain the discrepancy between test sessions. The ISPOCD psychometric test battery fulfils the requirements stated on a consensus conference on POCD (17) . Based on our previous experience, we consider the test battery to be sensitive and suitable for use in an elderly population. In addition, the statistical analysis is based on data from a control group (9). Our definition of POCD is more restrictive than the most frequently used criterion of 1 SD decline from baseline test score on at least 20% of the measures (18) . Variability is partly caused by changes in individual test performance, and also due to other factors that become important as time passes and the impact of surgery wears off. Cognitive impairment in the elderly has been demonstrated after ''biological life events'' (19) , one of those being general anaesthesia, others being exposure to neurotoxic factors, repeated mild head injuries, and systemic diseases. The fact that our group of national controls has the same incidence of cognitive dysfunction as the patients 1-2 years after enrolment supports this theory. The importance of the examiner has been demonstrated in test-retest assessment (20) . In the ISPOCD study, the aim was that the patient was tested by the same examiner at all test sessions. Unfortunately, in the followup study this was not possible and the majority of patients were tested by a new examiner 1-2 years later.
Thus, it is possible that variability in individual test performance and the effect of a new examiner could explain the change in performance in some subjects. Ten percent is a considerable proportion of all elderly people undergoing major surgery, but only three of those patients had POCD at all three postoperative test sessions. Accordingly, we would suggest that the prognosis for an elderly patient with early POCD is good as the majority of patients appear to recover. Less than 1% have persisting cognitive dysfunction 1-2 years after surgery.
In conclusion, postoperative cognitive dysfunction is a reversible condition in the majority of elderly patients after general surgery, but may persist in approximately 1%. A similar incidence of age-related cognitive impairment was found among controls (10.6%) and patients (10.4%).
